Rajmahal trap along with its Inter-trappean sedimentary rocks is found exposed in the eastern part of India (24˚00'E -25˚15'N; 87˚20'E -87˚15'E). Ten representative samples of Inter-trappean sandstone selected from the study area have been subjected to granulometric analysis. The result of the grain size analysis indicates that these sandstone specimens are very fine to fine grained with unimodal grain size distribution. They are dominantly fine skewed and generally mesokurtic in nature. The linear discriminant function plots of various grain size parameters suggest that these sandstones appear to have been deposited either in shallow marine or lacustrine environment. On multigroup multivariate discriminant functions V1 -V2 diagram majority of the samples fall in the beach depositional environment, indicating that most of the sediments were reworked by wave processes before deposition. The C-M pattern diagram shows that the sediment deposition took place in beach environment by rolling or suspension of sediments; hence the clastics were deposited in low energy condition.
Introduction
Grain size is the most fundamental feature and important descriptive property of siliciclastic rocks. Granulometric properties have been widely employed to decipher the depositional history, mainly depositional environment and process, International Journal of Geosciences hydrodynamic conditions and transportation mechanism and also provide clues about the provenance [1] [2] [3] [6] .
Rajmahal volcanic rocks of Early Cretaceous age are part of Upper Gondwana
Group. These volcanics along with Inter-trappean strata occur in eastern parts of Eastern Indian Shield [5] [6] [34] . At places these lava flows rest conformably over rocks of Dubrajpur Formation (Upper Triassic to Lower Jurassic) and also occasionally rest unconformably over Barakar Formation (Permian); however at a few localities Precambrian rocks form the basement for these volcanics. Only lower one-third part of Rajmahal lava contains Inter-trappean beds whereas upper two-thirds of the rock succession consists of subaerial fine grained basalt without any Inter-trappean beds [7] . These Inter-trappeans are made up of both clastic and volcanoclastic rocks. The clastic rocks occur in the form of thin or thick [7] beds of sandstone, black or grey shale/mudstone and lenses and pockets of bentonite, pyroclasts and oolites [7] .
In the present study an attempt has been made to undertake a detailed grain size analysis of ten Inter-trappeans and stone samples selected from northern part of the Rajmahal basin (Figure 1 ), where exposure of these rocks is comparatively 
Geological Setting
The Rajmahal Volcanic Province is a N-S trending elongate belt located in the parts of Eastern India. These volcanic rocks along with Inter-trappeans cover an area of about 4300 sq km between latitudes 24˚00' -25˚15' and longitudes 87˚20' -87˚50' (Figure 1) 
Material and Methods
The Inter-trappean strata is severely dismembered due to haphazard mining in the study area. Therefore great care has been taken in collection of sandstones samples during the field work out of thirty five only ten representative sandstone samples have been selected for grain size analysis. For classification of various classes of easily grain size conventional sieving technique (20) has been adopted.
The selected sandstone samples were disaggregated. The carbonate and organic matter coating on the grain surfaces were removed by treating with 10% dilute hydrochloric acid and 6% hydrogen peroxide respectively. Samples were then washed with distilled water and oven dried. Finally 100 grams of the each loose sample were selected and subjected to conventional sieving process. The sieves On the basis of weight percentage data cumulative curves ( Figure 2) were prepared, which act as a basic tool in calculating statistical parameters. Using these cumulative curves various grain parameters were calculated as proposed by [21] . Bivariate plots have been used to understand the depositional setting of these Inter-trappean sandstone samples. Linear discriminant function [26] is used to interpret and distinguish process and environment of deposition. C-M plot of Passega [25] is employed to constrain different depositional processes, mechanism of sedimentation and energy level of the transporting medium.
Results and Discussion

Grain Size Parameters
Using equations as proposed by (21) Table   2 ). These statistical grain parameters are discussed in the following paragraphs: Figure 2 . Cumulative frequency curve. Table 1 . Formulas for calculating grain size statistical parameters given by Folk and Ward (1957) to study the characteristics of sediments. 
Graphic Mean Size (Mz)
Graphic Mean size mainly gives an idea about overall size of grains of the Clastic rocks. The maximum and minimum value of the studied samples has been analyzed and summarized ( Table 2) . The values of the mean size for Rajmahal Inter-trappean sandstones range between 2.77φ to 2.24φ ( Figure 3 
Inclusive Graphic Standard Deviation (σ1)
The degree of sorting or uniformity of grain size distribution is measured by the inclusive standard deviation. These character of sediments help in explaining hydrodynamic regime of depositional basin. The standard deviation values of the Rajmahal Inter-trappean sandstones range from 0.67φ to 1.21φ (Table 2 ).
This implies that the sandstones are moderately to poorly sorted. Fifty percent of the populations from the selected samples are moderately sorted with values ranging between 0.67φ to 0.98φ and remaining fifty percent of these sandstones show poor sorting with value ranging from 1.02φ to 1.21φ (Figure 3(b) ). Sandstones having moderate sorting represent that this may be due to occasional winnowing action of depositing agent, whereas poor sorting of sediments is an 
Inclusive Graphic Skewness (SK1)
The graphic skewness measures symmetry of grain size distribution i.e. (Figure 4(a) ) of the studied inter-trappean sandstone samples show clustering show clustering of values close to end point of inverted "V" shape as proposed by [21] . This suggests the dominance of fine to very fine grained and moderately to poorly sorted sand grains. The distribution of sediments is nearly unimodal. Both mean grain size and sorting are hydraulically controlled properties of clastic sediments. The sinusoidal curve of mean and skewness attributes [21] is due to proportional mixture of two size classes of sediments. Ideally it is near symmetrical but depending upon the proportionality of the size class of the sediments it gives negative or positive skewness accordingly. The values of selected sandstone samples fall dominantly along positively skewed part of the graph (Figure 4(b) ), hence it is very clear that the studied sediments are unimodal in nature and deposited in constant energy conditions.
Bivariate Plots of Statistical Parameters
The bivariate plot of mean vs. kurtosis consists of two or more class size of sediments that affects the index of kurtosis, The relationship between two sediment attributes is highly complex and theoretical [21] . In the interrelation plot of their mean vs kurtosis (Figure 4(c) ) the points cluster close to the base of the modal graph. There is varying proportion of fine grained sand mixed with very fine sand to silt has been noted in these sandstone samples. This nature of the sediments reduces the degree of sorting, mainly in the tail portion of the curve. Thus, these Rajmahal Inter-trappean sandstone samples are platykurtic to leptokurtic in nature.
The modal graph of skewness vs. standard deviation [21] produces a scattered trend in the form of nearly circular ring. The reason behind this scattering may be either unimodal distribution in with good sorting or equal mixture of two modes. The present scattering shows clustering of grains in one sector ( Figure  4(d) ). This shows the dominance of fine grained sand mixed with very fine sand or silt leading to slight deviation in the skewness in the studied Rajmahal Inter-trappean sandstone samples. The plot of skewnessvs kurtosis given by [21] follows a regular sinusoidal path, as the value of mean changes and depends upon two modes. The present calculated values fall towards one side of the graph which shows dominance of fine sand with increasing very fine sand to silt size grains (Figure 4(e) ). The plot between kurtosis and standard deviation ( Figure 4 (f)) shows variation in kurtosis of the studied samples but dominantly they are mesokurtic in nature and moderate sorting.
Depositional Environment
Linear Discriminate Function
To decipher the depositional environment of Rajmahal Inter-trappean sandstones, the equations proposed by (26) have been employed in the present investigation.
Equation (1) In the present study Y1 value ranges from −3.63 to 0.8, (Table 3) suggesting the half number of these sandstones were laid down in shallow agitated water, whereas remaining fifty percent samples shows deposition in beach environment ( Figure 5(a) ). 
The value of Y2 is <−63.3650, is an indication of beach environment otherwise depositional environment is shallow marine if the value of Y2 is >63.3650. In the present investigation Y2 values ranges from 134.45 to 94.71 (Table 3) . Thus suggesting that deposition of these sandstones took place in shallow marine condition.
To discriminate between shallow marine and lacustrine environment of deposition Equation (3) (Table 3) indicating deposition of these sediments took place in shallow marine and laustrine environment.
Where M, SD, SK and KG represents mean grain size, standard deviation, skewness and kurtosis respectively.
The binary plots between Y1 and Y2 after (34) show that all the samples of the Rajmahal Inter-trappean deposits fall in the beach/shallow marine environment 
Multigroup Multivariant Discriminant Functions
Multigroup multivariant discriminant function as proposed by [20] The value of V1 ranges between 1.54 to 1.8 and value of V2 ranges from .72 to 1.27 (Table 4) . Plot has been made by between V1 vs V2 ( Figure 6 ). The values of majority of the studied sandstone samples fall in the field of beach environment in the plot of multivariant discriminant diagram ( Figure 6 ).
Bivariate Plots
In sedimentological studies bivariate plot uses different statistical parameters which help in understanding the depositional environments. Several authors have discussed importance of grain size analysis in clastic rocks inpaleo environmental reconstruction [30] [33] . Using the statistical parameters of grain size bivariate plots between skewnessvs standard deviation and skewnessvs mean size were prepared (Figure 7 (a) and Figure 7(b) ). The plots reveal that the studied Rajmhal Inter-trappean sediments were deposited by wave processes in beach and island milieu. 
Passega Diagram (CM Pattern)
C-M plot was introduced as an important tool to decipher the hydrodynamic forces that works during deposition of sediment [27] . This is a binary plot that marks the relation between coarser one percentile values (C) in micron against the median value (M) in micron on a log probability scale (Table 2 ). This relationship between C and M helps to decipher the nature of sediment types and energy of transporting medium [27] [33] . In the present study the values of C against M (Table 2) 
